Chronic obstructive pulmonary disease (COPD) is one of the major causes of morbidity and mortality in the United State. The investigation of the continuing increase in its prevalence and mortality has increased attempts to further understand its causes and how to manage it. Understanding the spatial and temporal distribution of COPD emergency room (ER) visits in Harris County (Houston) can guide these efforts in a uniform yet diverse setting like this one. The objectives of this study were to identify the temporal and spatial variations of COPD emergency room visits adjusted by age, gender, ethnicity, day of the week, month, and year, and to estimate the odds ratio of COPD emergency room visits adjusted by the six risk factors. The dataset used were extracted from two resources: ER Utilization Study and Harris County centroid coordinates. Exploratory statistical analyses were conducted to study the spatiotemporal disparities and investigate associations. Logistic regression was performed to estimate the odds ratio of COPD primary diagnosis adjusted for age, race, gender, day of the week, month, and year. The number of COPD ER visits kept increasing from 2004 throughout 2009 but there was a significant increase after the year 2005. Spring and summer had lower visits compared to winter and autumn. Lowest visits were during June and July and higher during December and January. Tuesdays had the highest number of visits compared to the remaining days of the week with Saturdays having had the lowest number of visits. Temporal analyses show the continuous increase in COPD ER visits in Houston as well as the consistent spatial disparities between zip regions. After adjustment for age, race, gender, day of the week, month, and year, there were statistically significant associations between emergency room chronic obstructive pulmonary disease diagnoses in Houston, Texas, with these six predictors.
Introduction
COPD refers to progressive lung diseases that block airflow during exhalation making it difficult to breathe. COPD causes include passive and active smoking, occupational exposures, air pollutants, genetics, autoimmune disease and other risk factors. COPD includes chronic bronchitis, emphysema, bronchiectasis, and chronic airway obstruction [1] [2] . COPD is the fourth leading cause of death in the US with a death rate in 2006 of 46.4 per 100,000, causing about 126,005 US deaths in people older than 25 [3] . Gender, race and age differences are seen in the prevalence of [4] . The estimated average cost of an ER visit in Harris County for 2009 was four times that of the national average ($800 versus $200, respectively). The number of COPD ER visits for 2009 were highest than those for the earlier five years. The ER visit rate of Harris county residents was about 32.84 per 1000 residents in 2009, exceeding the 30.91 and 30.0 ER visit rates in 2007 and 2008 respectively [5] . Despite the extensive research on COPD and its association with air pollution, key questions remain unanswered in the literature regarding the Houston region, including: 1) where are the most high risk zip code regions in Harris County (Houston) for COPD? 2) What is the spatial disparity for COPD ER visits adjusted by age, sex and race? And 3) what is the temporal distribution for COPD ER visits adjusted by age, sex and race? This study presents a methodological approach to answer these enquiries.
Methods
Data was obtained from two sources. The first dataset has Harris County daily emergency room visits for COPD from 2004 through 2009. This dataset was developed by Dr. Charles Begley (ER Utilization Study), University of Texas School of Public Health. This includes ER visits for six years from hospitals that serve the general public of Harris County [5] . COPD ER visits are those with a primary diagnosis of chronic obstructive pulmonary disease (COPD) including chronic bronchitis (ICD-9 codes 490 -491), emphysema (ICD-9 code 492), asthma (ICD-9 code 493), bronchiectasis (ICD-9 code 494), and chronic airway obstruction (ICD-9 code 496) [1] [6] . Population estimates of 2004 were the same as 2000 census counts. Years 2005 through 2009 population estimates were provided to the ER Utilization Study by Environmental Systems Research Institute, Inc. [7] . The second dataset is the centroid coordinates for Harris County zip codes from Texas State Data Center (TSDC) website http://txsdc.utsa.edu/txdata/shapefiles/.
After conducting exploratory statistical analyses, logistic regressions were conducted. The choice of the regression best suits the nature of the outcomes and predictors-logistic regression measures the association between dichotomous dependent variable (COPD ER visits) and the independent variables. The logistic model assumes that the logit of the probability for COPD ER visits is a linear function of the independent variables age, gender, ethnicity, day of the week, month, and year. The logit of a probability P is defined as log(p/1 -p), where log represents the natural logarithm [8] [9] . The logistic prediction equation will be: logit [P(COPD = 1)] = intercept + B1 × age + B2 × race + B3 × gender + B4 × day of the week + B5 × month + B6 × year. Logistic regressions were conducted for the bivariate associations between COPD diagnosis and the six independent variables and for the multivariate associations. Significance levels used were 0.05.
Results

Temporal Disparities
Incidence proportions for COPD cases increased from 2004 to 2009 by a factor four respectively (Figure 1 ). This is a serious epidemiological finding especially when compared to national prevalence of the two outcomes for the same years [10] . There are many plausible explanations for this many-fold increase in COPD ER visits diagnoses during the six years. Including but not limited to socioeconomic reasons. According to data released by the United States Census Bureau on June 14, 2006, Houston's Harris County received 92,824 immigrants as a result of Hurricane Rita and Hurricane Katrina, immediately prior to and following the hurricanes. However, higher estimates of immigrates have settled in Harris County, approximately one million during 18 month period following the hurricanes. Most of them were African Americans who did not have jobs, or lost their homes because of the hurricanes [11] . This (economic status) makes their choice to seek medical care at ERs expected.
The total number of ER visits included is more than 3.7 million visits representing six years and the one hundred forty one zip codes of Harris County. Mean annual COPD ER visit diagnosis incidence proportion ranged from 146 to 523 cases per 100,000 populations. Annual and monthly incidence proportions for COPD ER visits Figure 4 ). The lowest percentage of COPD cases was for aging patients. Temporal variation between the seven days of the week show that the percentages more than doubled after the year 2005, and that Tuesdays had the highest number of visits whereas Saturdays had the least percentages. The percentage of ER visits for every day of the week ranged from fourteen to fifteen percent of total visits. Thirty two percent of the visits were for Whites, twenty nine percent for blacks, thirty two for Hispanics, and seven percent for the remaining ethnicities. Forty four percent of COPD ER visits were for males. The mean age was about 32 years (24 years standard deviation) ( Table 1) . showed in a few zip regions: 77,050, which is to the east of Highway 59 and inside northeast Beltway 8; 77,547, which is south of Interstate 10 and east of Interstate 610 east; 77,094, which is to the south of Highway 59 and at the southwestern part of the County; and the fourth zip region of high incidence proportion is 77,085, which is at the most southwestern point inside BW8. The three zip regions 77,050, 77,085, and 77,094 had the highest incidence proportions for COPD diagnosis.
Spatial Disparities
Logistic Regression Models
Estimates from unadjusted logistic regressions show that there is a statistically significant association between COPD ER visits and blacks (OR = 1.298713, 95% CI = 1.279947 -1.317755, p < 0.001), males (OR = 1.149738, 95% CI = 1.135971 -1.163672, p value < 0.001), December (OR = 1.066658, 95% CI = 1.039403 -1.094628, p value < 0.001), and each of the years ( Table 1) . As for the adjusted logistic regression, there is a significant association of emergency room COPD diagnosis in Harris County, Texas, with the same factors: blacks, males, December and each of the years ( Table 2) .
Discussion
The data related to COPD cases establishes that more cases occur during the winter months, with fewer during the summer. During the winter months, home occupants keep natural ventilation, windows and doors, closed to minimize cold air circulation into the home in an effort to minimize energy costs. Therefore, outdoor air cannot enter the home and dilute contaminants that may be in the air. For example, adding insulation and caulking to weatherize the home can reduce air circulation and trap contaminants inside the home. Indoor air pollution studies have identified several contaminants that can be present in indoor air, and is usually caused by the accumulation of contaminants from various sources inside the home. This includes fireplaces, stoves, cigarettes, cleaning products, newer building materials, and chemical stored in the home can cause indoor air problems. Occupants of homes with poor indoor air quality may have symptoms such as headache, eye irritation, fatigue, sinus congestion, dizziness and nausea. COPD trends increase due to PM2.5 exposure in the home [10] . COPD rates during the winter months have been well researched and documented showing consistent trends. COPD exacer- bations, which are a major cause of morbidity and mortality, are associated with higher hospital admissions during periods of cold weather [12] - [15] . This is another possible explanation of higher winter incidence proportions.
The results of the adjusted logistic model for COPD cases show that the odds for COPD in December were 5% higher than the odds for January, for the year 2005 the odds for COPD were 9% higher than in 2004, for the year 2006 the odds for COPD were 21% higher than in 2004, for the year 2007 the odds for COPD were 260% higher than in 2004, for the year 2008 the odds for COPD were 8% higher than in 2004, for the year 2009 the odds for COPD were 17% higher than in 2004, the visits' odds for blacks were 27% higher than the odds for whites, and the odds for males were 17% higher than females. Men are more likely to smoke than women, and black men are more likely to smoke cigarettes than white men [16] . This can explain the higher odds for COPD cases for blacks and/or men. COPD disease may be influenced by race, ethnicity, gender and genetic inheritances. Limited data exists that compares COPD in different racial or ethnic groups. However this data suggests that differences may exist. Potential differences between racial or ethnic groups may include biological differences as well as disparities in diagnosis and treatment. It may also include lack of enrollment of minorities in epidemiological trials [17] [18] .
Comparing the spatial distribution of family median income to those of the dominant distributions for COPD cases, it can be concluded that the relationship between median income and the number of cases of COPD is not straightforward. The spatial distribution is somewhat inversed when comparing the western and east-central parts of the County. Higher income correlated to fewer cases in the western part of the country, and lower income correlated to fewer cases in the east-central part of the country. This analysis will require more investigation in the future.
Strengths and Limitations
This is the first study to explore spatial and temporal trends for COPD emergency room visits over multiple years and for all ages of patients in Harris County, Texas. This study covers many of the missing pieces, for example including up to twenty sequential seasons. In 2009, 1,127,557 ER visits were made to all twenty four participating hospitals. Of this total, 84.8% were made by Harris County residents. The ER visits of participating hospitals are 74.04% of all ER visits reported to the Texas Department of State Health Services by all hospitals in Harris County in 2009 [5] . The large size of the database and hence the high statistical power of the analysis allows for the investigation of variances of predictors and the outcome (COPD). Furthermore, the data span of six years provides enough variance to study the daily, weekly, monthly and seasonal effects of exposure. One of this study's limitations is the possible existence of bias from misclassifying primary diagnoses due to data entry or other errors. Moreover, the dataset did not contain possible confounders like smoking, life style, and individual exposure to air pollutants.
Conclusions
The study dataset contained daily emergency room visits for Harris County, Texas, from 2004 to 2009 along with each patient's age, race, gender, day of the week, month, and year. The dichotomous outcome was emergency room visits diagnoses for chronic obstructive pulmonary disease. Spatial and temporal disparities were investigated. Logistic regressions were conducted to estimate odds ratios of the outcome. The dataset included all ER visits surveyed by Safety Net from 2004 to 2009. There were 95,765 COPD cases during this six year period. Being black was associated with 27% increase in the odds of chronic obstructive pulmonary disease emergency room diagnoses, being a male was associated with a 17% increase in the odds of COPD ER visit diagnosis, visits in December had a 5% increase in the odds, and each of the 2004 following years had a higher odds of COPD ER visit preliminary diagnosis. With all of the increases in the odds combined, the outcome translates to more emergency room visits per year, with higher costs per year.
This study points to other potential factors that contribute to the rising incidence proportions of COPD in Harris County such as patient history, life style, and other pollutants. COPD is of the most important causes of morbidity and mortality in the United States. Continuing increases in COPD prevalence and mortality should be anticipated in the coming decades. Therefore, a concerted nationwide effort for increasing awareness COPD should be called for by an organization such as the CDC or perhaps the WHO. With the attempt to increase the awareness of the huge burden of respiratory diseases among the public and the policy makers, comprehensive figures on the mortality, morbidity and costs of COPD should be published. Additionally, new opportunities for research on COPD could be realized with the increased public awareness and opinion, which should help to alleviate the suffering of millions of citizens in the United States and perhaps across the world.
